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Abstract

Background: Pertussis caused by Bordetella pertussis is a vaccine-preventable disease causing whooping cough in humans of all
ages. This study reports infection rate of pertussis in Palestine between the years 2004-2008 from archived nasopharyngeal samples
collected from clinically- suspected cases.

Methods: A convenience archived DNA samples collected from 267 clinically-suspected pertussis cases were investigated for B.
pertussis. Laboratory diagnosis was done by examining all DNA samples using polymerase chain reaction (PCR).

Results: Approximately 49% (130/267) were confirmed by PCR. A pertussis peak was shown to occur in 2008 with 77% (100/130)
of PCR-confirmed cases isolated in that year. PCR-confirmed cases existed in all Palestinian districts with highest rate in Ramallah,
Bethlehem, Jenin and Al-Khalil. Half of the PCR-confirmed cases (68/130) were less than 2 months old. The positivity rate among
who had three doses of vaccine (at 2, 4 and 6 months) was 38%, and became 50% with the fourth dose at 12 months.
Conclusion: The prevalence of pertussis was found to be significantly high among infants less than 2 months old. Active pertussis
surveillance using rapid PCR assays is essential, as it is helpful in prompt diagnosis and treatment of patients with pertussis.
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Introduction

Pertussis (whooping cough) is an acute illness caused by
Bordetella pertussis, and less frequently by Bordetella spp.
It is gram-negative, aerobic, non-motile coccobacilli
Pertussis is a highly communicable and vaccine-
preventable respiratory tract disease with a worldwide
distribution. Outbreaks usually occur every 3-5 years.!?
Pertussis infection affects all age groups, but it is mainly
symptomatic in children and more serious in young
unvaccinated or partially vaccinated infants. Pertussis can
be fatal in newborns, infants, and children under 2 years
old."*”

Effective vaccines (whole-cell pertussis vaccines)
became available in the 1940s, and since that time the rate
of infection has been reduced dramatically in countries
in which universal vaccination of infants and children
is implemented. Multicomponent acellular vaccines (aP)
are now in use in many developed countries worldwide.?
These vaccines do not provide lifelong immunity,
however, occasional local epidemics continue to occur.””
In contrast, whole-cell vaccines (wP) are used in low-
income countries. The old generation vaccine of wP
has shown an efficacy of 80%. However, the undesired

components such as endotoxins that cannot be eliminated
during production may inevitably be associated with a
greater incidence of adverse effects.’

In the pre-vaccine era, incidence, case morbidity and
fatality rates were very high, and the disease mainly affected
children under 5 years of age. The adoption of pertussis
vaccine combined with tetanus and diphtheria toxoids
in 1974, as part of the WHO’s Expanded Program of
Immunization, has reduced the number of cases as well
as mortality rate.'” Recently, increasing number of cases
among infants, children and adults has been reported in
developed countries> A possible explanation for this
shift in epidemiology could be due to improved diagnostic
tests, increased awareness among medical community,
genetic changes in the organism and waning immunity.
Many countries have therefore introduced a booster
dose of vaccine for pre-school children, and others have
considered an additional booster dose for adolescences
and adults.>*"' The WHO estimate puts the annual number
of cases in developing countries at 50 million, with one-
third of a million deaths. Case fatality rate among infants
is as high as 4%." Furthermore, a sutprising increase in

incidence rates of pertussis has been reported in several
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developed and developing countries including the United
States, Canada, Israel, Brazil, Buropean countries, Iran,
Tunisia and Turkey."*?’

In Palestine, pertussis is a notifiable disease by law.
The Palestinian immunization schedule includes 4
doses of whole-cell vaccine initially at 2, 4, 6 and 12
months, but since 2008 the fourth dose is given at 18
months.”"** Definitive diagnosis of pertussis is based on
a combination of clinical signs and symptoms, history of
exposure to a confirmed case and appropriate laboratory
tests.!>%

In this pilot study, we report for the first time the
epidemiological status and infection rate of pertussis
from clinically-suspected cases using polymerase chain
reaction (PCR) assay from 2004-2008. In addition, the
incidence rate of pertussis in the period between 2000

and 2016 was reported.

Materials and Methods
Specimens

Archived DNA
nasopharyngeal swabs of 2607 infants and children with

samples were extracted from
clinically-suspected pertussis who were admitted to
hospitals in West Bank, Palestine, between September
2004 and June 2008. The nasopharyngeal specimens
were collected using Dacron swabs and were stored at
-20°C until tested.

The presumable clinical diagnosis of pertussis was
based on the WHO clinical case definition which requires
paroxysms of cough lasting at least two weeks with
respiratory whooping post-tussive vomiting, without
other apparent causes.'” However, less than 2 weeks of
paroxysmal cough was adopted to account for milder
infections to prevent missing cases. The infection rate of
pertussis was defined as the number of PCR-confirmed

cases over the total number of tested cases.

DNA Extraction
DNA was extracted using the boiling method desctibed
1'24

previously by Lind-Brandberg et al.** Nasopharyngeal
swabs were briefly inserted in 1.5 mL sterile Eppendorf
tubes containing 400 uL sterile nuclease-free distilled
water. Swabs were allowed to stand for 3-5 minutes,
mixed by vigorous vortex for 15-20 seconds, and
incubated at 100°C for 10 minutes on a thermo-block.
Afterwards, the tube was left to cool for 2 minutes, and
then centrifuged for 15 minutes at 14000 rpm. The DNA
in the supernatant was used immediately for PCR or kept

at -20°C until use.

Polymerase Chain Reaction
The B. pertussis DNA was amplified by PCR assay
described previously using primers Plpl (forward

primer: 5> CCC ATAAGC ATG CCC GAT TGA C
3% and PIp2 (reverse primer: 5> CGC ACA GTCGGC
GCG GTG AC 3) targeting the insertion sequence
1S481.** A Biorad C1000 thermal cycler was used for
amplification. Negative control of sterile nuclease-free
distilled water and positive control (culture-confirmed
isolates) were used in each run. PCR product was run
by electrophoresis on agarose gel, and visualized under
UV by G: Box-Syngene. The size of the PCR amplicon
was 121bp.

Statistical Analysis

The Epi Info™ 7 statistical package (Centers for Disease
Control and Prevention, Atlanta, USA) was used for data
management and analysis. Fisher exact test and chi-square
were used to establish an association between variables.
The statistical difference was considered significant when

P <0.05.

Results

Of the 267 clinically-suspected cases, 56.5% (151/267)
were males. Patients were from 10 Palestinian districts
with 28% from Al-Khalil, which is the most populous
district (Figure 1). Information regarding the age of
the 33 subjects was not available (Table 1). Out of 234
patients, 58.5% (137/234) were infants less than two
months old. Fourteen wete above 12 months of age with
infection rate of 50% (7/14). Of the total nasopharyngeal
samples, 130 (49%) were positive for B. pertussis DNA
(Table 1). From 2000-2016, the mean incidence rate
of pertussis was 1.7, ranging from 0.16 to 7.3 cases per
100000 persons (Figure 1).*

A sharp increase in pertussis cases was observed
during the first six months of 2008 in comparison to the
previous three years, indicating that the year 2008 was
a peak year. The number of PCR-confirmed pertussis
cases in 2008 was 100 out of 130 (77%). Concomitantly,
the Ministry of Health also reported the year 2008 as the
peak year of clinically-suspected pertussis cases (Figure
1). Cases in the peak year were mainly from districts of
Al-Khalil, Bethlehem, Ramallah and Jenin. A second
peak of PCR confirmed cases was also reported in

Table 1. Age Group Versus Bordetella pertussis PCR Results

Age Group (mon) PCR (-) PCR (+)
Oto2 68 68
3to4 26 37
5t06 8 5

7-12 5 3

>12 7 7
Unknown 23 10
Total 137 130
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Figure 1. Graph Distribution of Bordetella pertussis Cases Over Time From 2000 to 2016. The numbers between brackets represent incidence rate
per 100000 using the Palestine population as the denominator when pertussis cases are reported from the West Bank and Gaza Strip, while, the
population of the West Bank was used when zero cases were reported from Gaza Strip. The bold numbers show the number of cases. The absence of
cases from Gaza strip is due to lack or absence of laboratory-confirmed cases.

2012. As far as the official figures were based on clinical
manifestations from 2000 to 2008, and the PCR assay
from 2009 to 2016.

The geographical distribution of pertussis cases in
Palestine are shown in Figure 2. The infection rate was
highest in Ramallah, Bethlehem, Jenin and Al-Khalil
Pertussis was shown to exist in all Palestinian districts
with varying infection rates.

Approximately 52% (68/130) of the PCR-confirmed
pertussis cases were less than 2 months old who did
not get their first dose of vaccination according to the
Palestinian immunization program. The infection rate
among infants between 3 and 4 months old who had their
first dose of vaccination was 59% (37/63). The infection
rate in infants aged 5-6 months who had recently their
second dose of vaccination was reduced to 38.4%, which
was the same for infants 7-12 months who had their
third dose of vaccination, while those who had their
fourth dose at 12 months, had an infection rate of 50%
(7/14) (Table 1, Figure 3). Among PCR-confirmed cases,
no statistically significant difference was shown between
age groups above and below 2 months (P=0.69, 95%
CI: 0.73-1.20). Infants of the age group >12 months
were actually above 18 months old, which according to
the new Ministry of Health policy adopted in 2008, did
not have the fourth booster dose (Table 1). Sex had no
significant role in the distribution of pertussis infection
(P=0.22, 95% CI: 0.92-1.51). The pertussis infection
was shown to be seasonal in 75% (96/128) of the PCR-
confirmed cases, equally distributed in April, May, and

June.

Discussion
In spite of good vaccination coverage that may be more
than 90% worldwide and over 98% among Palestinians,

pertussis is still an endemic infection in most developed

countries 2125

and  developing including  Palestine.
During the last 2 to 3 decades, an increase in incidence
of pertussis, with outbreaks every 3—4 years, had been
reported worldwide in young vaccinated individuals and
unvaccinated or partially vaccinated children.>'®!”

To the best of our knowledge, this was the first study
that investigated the infection rate of pertussis using
PCR from archived nasopharyngeal swabs of clinically=

suspected cases in Palestine. In this study, the infection
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Figure 2. Map Showing Geographical Mapping of the Study Population
in the Palestine study. Numbers next to each pie chart represent the
incidence rate per 100000.
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Figure 3. Line Graph Showing the Absolute Numbers of Pertussis
Cases Versus Age of Investigated Infants. Arrows show the doses of
vaccination on the time line 2, 4, 6 and 12 months according to the
schedule adopted by the Palestinian Ministry of Health until 2007.
Numbers on the line graph represent the numbers of PCR-confirmed
cases.

rate of PCR-confirmed pertussis was 49% (130/267)
with a peak in the first half of the year 2008, which
is a reflection of the total number of suspected cases
reported by the Ministry of Health during the same
period (Figure 1). The infection rate of the PCR-
confirmed cases in the present study is in agreement with
that reported in south-eastern Minnesota, USA during an
outbreak in 2012 (60%), and in Peru between 2010-2012
(39.5% among infants less than 1 year, and 73.55% in
those less than 3 months).***” On the other hand, lower
infection rates have been reported in Tunisia (20%),
Iran (10.5%), Turkey (26%), Brazil (35%), and Isracl
(7%—19%) 116182028 "The  discrepancy in the infection
rate could be due to the sensitivity of PCR method
and age of the study samples. Similarly, another peak
in the West Bank, Palestine was reported in 2012. This
finding is in congruence with other studies in the United
States, Sweden, Turkey, Tunisia, Iran, Brazil, Poland and
anywhere that the whole-cell vaccine is adopted.®!¢:18-20:2%30

Although the infection is reported in almost all
Palestinian districts, cases are mainly focused in Al-Khalil,
Bethlehem, Ramallah and Jenin, which may be due to
the outbreak occurred in the aforementioned districts in
2008 and active response of medical personnel in those
districts.

The infection rate among the study population had
a decreasing trend following the first, second and third
vaccine doses at months 2, 4, and 6. This indicates an
accumulating effectiveness of the vaccine following each
dose, but increased number of cases after the third dose
which could be due to small sample size (Figure 3).

Morteovert, the vaccine used in Palestine is a whole-cell
vaccine (wP) given as a part of the Penta vaccine (Serum
Institute of India LTD, Hadapsar, Pune, India) for the
first three doses and part of the diphtheria-pertussis-
tetanus (DPT) vaccine combination (Biofarma, Bandung,

Indonesia) for the fourth booster dose. The effectiveness
of high-efficacy whole-cell vaccine ranges from 83% to
96% . The manufacturers of the wP vaccine currently
in-use in Palestine, never mentioned the efficacy of their
product. Meanwhile, despite high immunization coverage
in Palestine (>98%) which is higher than the critical
percentage for Pertussis (92%-94%), the infection rate
is still significantly high, emphasizing the need of re-
evaluating the pertussis vaccine policy

Pertussis infection in Palestine had shown a seasonal
pattern with most cases occurring in the months of April,
May and June. Although mothers are a significant source
of infection for their infants, this could also be due to the
picnic season, which starts in late spring/early summer
each year. During these seasons, students come into
close range with one another during travel, mealtimes
and while playing.®' These students could be infected or
more importantly, could take infection home. Crowded
kindergartens with infants and young children may also
form a site for spreading infection to partially-vaccinated
infants. Other studies have also reported seasonality, but
in different months. 572!

The main limitation of the present study is the PCR
assay that targeted the insertion sequence IS481 of B.
pertussis which could present other Bordetella spp. Under-
reporting is another limitation since not all clinically-
suspected cases seek medical care. Another limitation
is the system of diagnosis in Gaza Strip which is totally
based on clinical diagnosis rather than laboratory
confirmation; therefore, it dropped from official statistics
in annual Palestinian health reports as shown in Figure 1.

This study concluded that PCR-confirmed pertussis
infection in Palestine is significantly high among infants
under 2 months old who are referred as clinically-
suspected cases. Finally, surveillance with rapid PCR
method for B. pertussis is essential in infants less than
1 year old and is helpful for prompt diagnosis and
treatment.

Authors’ Contribution
M.

Conflict of Interest Disclosures
None of the authors have any competing interests, whatsoever.

Ethical Statement
The study was approved by the Palestinian Ministry of Health under
the reference number 162/2055/2015.

References

1. Nieves DJ, Heininger U. Bordetella pertussis. Microbiol Spectr.
2016;4(3). doi: 10.1128/microbiolspec.EI10-0008-2015.

2. Fathima S, Ferrato C, Lee BE, Simmonds K, Yan L, Mukhi SN,
et al. Bordetella pertussis in sporadic and outbreak settings in
Alberta, Canada, July 2004-December 2012. BMC Infect Dis.
2014;14:48. doi: 10.1186/1471-2334-14-48.

3. Cherry JD. The epidemiology of pertussis: a comparison of the

Arch Iran Med, Volume 21, Issue 5, May 2018 211



epidemiology of the disease pertussis with the epidemiology of

2014;7(11):e12421.  doi:  10.5812/jjm.12421.

Bordetella pertussis infection. Pediatrics. 2005;115(5):1422-7. 19. Zouari A, Smaoui H, Brun D, Njamkepo E, Sghaier S, Zouari
doi: 10.1542/peds.2004-2648. E, et al. Prevalence of Bordetella pertussis and Bordetella

4. Gabutti G, Azzari C, Bonanni P, Prato R, Tozzi AE, Zanetti A, et parapertussis infections in Tunisian hospitalized infants: results
al. Pertussis. Hum Vaccin Immunother. 2015;11(1):108-17. doi: of a 4-year prospective study. Diagn Microbiol Infect Dis.
10.4161/hv.34364. 2012;72(4):303-17. doi: 10.1016/j.diagmicrobio.2012.01.002.

5. Riffelmann M, Littmann M, Hulsse C, Hellenbrand W, Wirsing 20. Oksuz L, Hancerli S, Somer A, Salman N, Gurler N. Pertussis
von Konig CH. Pertussis: not only a disease of childhood. in children in the Istanbul Faculty of Medicine: results for four
Dtsch  Arztebl Int. 2008;105(37):623-8. doi: 10.3238/ years. Turk J Pediatr. 2014;56(6):632-7.
arztebl.2008.0623. 21. The United Nations Children’s Fund (UNICEF). Immunization

6.  Guiso N. Bordetella pertussis and Pertussis Vaccines. Clin Infect summary 2011. Available from: https://www.unicef.org/
Dis. 2009;49(10):1565-9. doi: 10.1086/644733. immunization/files/EN-ImmSumm-2013.pdf.

7. Berger F, Njamkepo E, Minaberry S, Mayet A, Haus-Cheymol R, 22. Palestinian Ministry of Health. Immunization Registry Archives.
Verret C, et al. Investigation on a pertussis outbreak in a military Jericho — Palestine: Jericho Health Department; 2015.
school: risk factors and approach to vaccine efficacy. Vaccine. 23. Wood N, MclIntyre P. Pertussis: review of epidemiology,
2010;28(32):5147-52. doi: 10.1016/j.vaccine.2010.05.070. diagnosis, management and prevention. Paediatr Respir Rev.

8.  Winter K, Glaser C, Watt J, Harriman K. Pertussis epidemic- 2008;9(3):201-11; quiz 11-2. doi: 10.1016/j.prrv.2008.05.010.
-California, 2014. MMWR Morb Mortal  Wkly  Rep. 24. Lind-Brandberg L, Welinder-Olsson C, Lagergard T, Taranger J,
2014;63(48):1129-32. Trollfors B, Zackrisson G. Evaluation of PCR for diagnosis of

9. Zhang L, Prietsch SO, Axelsson |, Halperin SA. Acellular Bordetella pertussis and Bordetella parapertussis infections. J
vaccines for preventing whooping cough in children. Cochrane Clin Microbiol. 1998;36(3):679-83.

Database Syst Rev. 2014(9):Cd001478. doi: 10.1002/14651858. 25. Palestinian Ministry of Health. Annual Health Reports —
CDO001478.pubb. Palestine 2000- 2015. Ramallah — Palestine: Palestinian Health

10. Pertussis vaccines: WHO position paper. Wkly Epidemiol Rec. Information Center (PHIC); 2016 [cited 30 Dec 2016]. Available
2010;85(40):385-400. from: http: //www.moh.ps/index/Books/BookType/2/Language/

11. Munoz FM. Pertussis in infants, children, and adolescents: ar.
diagnosis, treatment, and prevention. Semin Pediatr Infect Dis. 26. Theofiles AG, Cunningham SA, Chia N, Jeraldo PR, Quest DJ,
2006;17(1):14-9. doi: 10.1053/j.spid.2005.11.005. Mandrekar JN, et al. Pertussis outbreak, southeastern Minnesota,

12.  WorldHealthOrganisation. WHO - recommended standard 2012. Mayo Clin Proc. 2014;89(10):1378-88. doi: 10.1016/j.
of Pertussis. WHO; 2015. Available from: http: //www.who. mayocp.2014.08.004.
int/immunization/monitoring_surveillance/burden/vpd/ 27. Castillo ME, Bada C, Del Aguila O, Petrozzi-Helasvuo V,
surveillance_type/passive/pertussis_standards/en/. Casabona-OreV, Reyes |, et al. Detection of Bordetella pertussis

13. Cherry JD. Epidemic pertussis in 2012--the resurgence of a using a PCR test in infants younger than one year old hospitalized
vaccine-preventable disease. N Engl ) Med. 2012;367(9):785-7. with whooping cough in five Peruvian hospitals. Int ] Infect Dis.
doi: 10.1056/NEJMp1209051. 2015;41:36-41. doi: 10.1016/j.ijid.2015.10.020.

14. Waters V, Jamieson F, Richardson SE, Finkelstein M, 28. Bamberger E, Abu Raya B, Cohen L, Golan-Shany O, Davidson
Wormsbecker A, Halperin SA. Outbreak of atypical pertussis S, GeffenY, et al. Pertussis Resurgence Associated with Pertactin-
detected by polymerase chain reaction in immunized Deficient and Genetically Divergent Bordetella pertussis Isolates
preschool-aged children. Pediatr Infect Dis J. 2009;28(7):582-7. in Israel. Pediatr Infect Dis J. 2015;34(8):898-900. doi: 10.1097/
doi: 10.1097/INF.0b013e318197facT. inf.0000000000000753.

15. Moerman L, Leventhal A, Slater PE, Anis E, Yishai R, Marva 29. Carlsson RM, von Segebaden K, Bergstrom J, Kling AM, Nilsson
E. The re-emergence of pertussis in Israel. Isr Med Assoc J. L. Surveillance of infant pertussis in Sweden 1998-2012; severity
2006;8(5):308-11. of disease in relation to the national vaccination programme.

16. Torres RS, Santos TZ, Torres RA, Pereira VV, Favero LA, OR MF, Euro Surveill. 2015;20(6).
et al. Resurgence of pertussis at the age of vaccination: clinical, 30. Nitsch-Osuch A, Kuchar E, Modrzejewska G, Pirogowicz I,
epidemiological, and molecular aspects. J Pediatr (Rio )). Zycinska K, Wardyn K. Epidemiology of pertussis in an urban
2015;91(4):333-8. doi: 10.1016/j.jped.2014.09.004. region of Poland: time for a booster for adolescents and adults.

17. TanT, Dalby T, Forsyth K, Halperin SA, Heininger U, Hozbor D, Adv Exp Med Biol. 2013;755:203-12. doi: 10.1007/978-94-
et al. Pertussis Across the Globe: Recent Epidemiologic Trends 007-4546-9_26.

From 2000 to 2013. Pediatr Infect Dis J. 2015;34(9):€222-32. 31. Schellekens J, von Konig CH, Gardner P. Pertussis sources of
doi: 10.1097/inf.0000000000000795. infection and routes of transmission in the vaccination era.

18. Sedaghat M, Nakhost Lotfi M, Talebi M, Saifi M, Pourshafie Pediatr Infect Dis J. 2005;24(5 Suppl):519-24.

MR. Status of pertussis in iran. Jundishapur ] Microbiol.
© 2018 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.

org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

212

Arch Iran Med, Volume 21, Issue 5, May 2018


http: //www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/passive/pertussis_standards/en/
http: //www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/passive/pertussis_standards/en/
http: //www.who.int/immunization/monitoring_surveillance/burden/vpd/surveillance_type/passive/pertussis_standards/en/
https://www.unicef.org/immunization/files/EN-ImmSumm-2013.pdf
https://www.unicef.org/immunization/files/EN-ImmSumm-2013.pdf
http: //www.moh.ps/index/Books/BookType/2/Language/ar
http: //www.moh.ps/index/Books/BookType/2/Language/ar

